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FACTORS LIMITING OVERWINTER SURVIVAL OF 
YOUNG-OF-THE-YEAR LARGEMOUTH BASS IN 
SOUTH DAKOTA 
ABSTRACT 
Todd D. Kolander 
studies were conducted to examine the effects of 
total length (TL) , prey abundance, and water temperature on 
approximate body composition, condition index, and 
overwinter survival of young-of-the-year (YOY) largemouth 
bass Micropterus salmoides in South Dakota. Growth and 
condition of YOY largemouth bass stocks from South Dakota 
and Wisconsin were also compared. Study areas included two 
South Dakota University impoundments (0. 8 hectare each) , a 
gravel pit (7. 3 hectare) , and laboratory aquaria. Hatchery 
reared YOY largemouth bass were graded into short (19-45 mm 
TL) and long (58-135 mm TL) length groups. Overwinter 
mortality was 78% and 85% in the two impoundments, and 100% 
in the gravel pit. overwinter mortality in all study sites 
my be related to insufficient energy reserves. Overwinter 
survival, proximate body composition and condition index 
were similar between short and long fish and among 
impoundments. Moisture (E<0. 0001) content of fish in the 
field study differed over time. The trend was lower from 
iv 
August (85%} through October (76%}, with little change 
overwinter. Lipids (£<0. 007} and relative condition (Kn} 
(£<0. 0002} also differed over time. The trend in lipids was 
an increase from August (11%} through September (18%} and a 
decrease to 12% by March. The decline in lipids was five 
time greater for fish in the pond having a lower prey 
abundance than for fish in the pond which did not. Lipids 
and relative condition (Kn} were strongly correlated 
(�=0. 9999, df=2, £<0. 001} and were best fit with a 
curvelinear relationship. In the laboratory study fed fish 
showed higher lipids (£<0. 0001} and Kn (E<0. 0001}, and lower 
moisture (E<0. 0001} and ash (£<0. 0001} than fasted fish. 
lipid (E<0. 02}, moisture (£<0. 004) and ash (E<0. 01} differed 
between short and long fish. Fish at 4°C had higher 
moisture (E<0. 004} and lower lipids (E<0. 01} then fish at 
10°c. Length, weight, proximate body composition, relative 
condition (Kn}, Liver Somatic Index (LSI), and Mesenteric 
Fat Index (MFI) were not different between the Wisconsin and 
south Dakota stocks of YOY largemouth bass in two South 
Dakota impoundments. 
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INTRODUCTION 
Environmental conditions in South Dakota lakes and 
impoundments may prevent YOY largemouth bass from growing 
long enough or storing enough energy reserves to survive 
1 
the winter. For example, Kampeska Pit, Lake Alvin, and Lake 
Pigors are environments that may limit overwinter survival 
of YOY largemouth bass. Such lakes have typically had poor 
recruitment of natural and or stocked fish. Lindgren (1991) 
found no evidence of YOY largemouth bass (natural or 
stocked) survival after the winter of 1988-1989 in Lake 
Alvin, South Dakota. Gilbraith (1987) reported first year 
survival of YOY largemouth bass averaged 25% for 15 South 
Dakota ponds. Stone (1981) reported a 50% average survival 
for YOY largemouth bass in 16 South Dakota ponds. Our study 
focused on several factors which could limit the recruitment 
of YOY largemouth bass in small South Dakota lakes and 
impoundments. 
Overwinter survival of young-of-the-year (YOY) 
largemouth bass Micropterus salmoides may be influenced by 
fish length. Growth depensation in a year class of YOY 
largemouth bass can result from disrupted spawning or from a 
shortage of prey during certain critical periods (Kramer and 
Smith 1962; Pasch 1975; Shirley 1975; Summerfelt 1975) . 
Aggus and Elliot (1975) reported largemouth bass in the 
shorter length mode of a bimodal length distribution had a 
higher overwinter mortality than fish in the longer length 
2 
mode. 
Use of energy reserves overwinter may affect first 
year survival. During periods of minimum feeding in the 
winter and early spring, largemouth bass use energy from 
visceral fat and body proteins (Adams et al. 1982) . Starved 
YOY largemouth bass initially use protein and lipid reserves 
in similar proportions; thereafter proteins are used more 
than lipids (Niimi 1972) . Isely (1981) found the overwinter 
drop in lipids was related to the overwinter mortality of 
YOY largemouth bass in four Illinois farm ponds. 
The relationship between fish length and prey 
availability may affect overwinter survival. Fish in the 
longer mode of a bimodal length distribution have a wider 
range of ingestible prey items and obtain a higher energy 
content from their diet than fish in the shorter length mode 
(Keast and Eadie 1985) . Wicker and Johnson (1987) reported 
mortality of YOY Florida largemouth bass coincided with the 
shift to a piscivorous diet. They found fish exhibited the 
least piscivory at the time when the biomass ratio of 
available prey to predators were lowest. Largemouth bass 
unable to reach a certain critical length during periods 
when suitable prey are available may succumb to starvation 
or cold stress during the winter (Timmons et al. 1980; Isely 
1981; DeAngelis and Coutant 1982) . Oliver et al. (1979) 
found a positive relationship between the total length of 
YOY smallmouth bass Micropterus dolomieu and their ability 
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to survive chronic cold temperatures. 
Genetic variation could cause growth, performance 
and overwinter survival to differ among largemouth bass 
populations. Different growth rates were reported between 
largemouth bass subspecies (Inman et al. 1978) . Davies 
(1973) reported the northern subspecies (M. 2. salmoides) 
grew faster than Florida subspecies (M. �- floridanus) as 
well as the Fl and F2 hybrids in an Alabama pond study. The 
differential growth was attributed to genetic differences 
because water chemistry and prey abundance were similar 
among ponds. 
The specific objectives of this study were: 1) to 
determine the effect of total length (TL} and prey abundance 
on proximate body composition, condition index, and 
overwinter survival of YOY largemouth bass in three small 
South Dakota impoundments; 2) to determine effects of size 
(TL) , temperature (4°C and 10°C) and starvation on whole 
body composition and condition index of YOY largemouth bass 
under laboratory conditions; 3) and to determine if length, 
weight, whole body composition and condition index differ 
between YOY largemouth bass from Wisconsin and South Dakota 
stocked into two small South Dakota impoundments. 
STUDY AREA 
This study was conducted in laboratory aquaria and 
three small man-made impoundments: Drake and Teal Ponds (0. 8 
4 
hectare} and Kampeska Pit, 7. 3 hectare in surface area. 
Maximum depth was about 3 m in each impoundment. Kampeska 
Pit is an environment where overwinter survival of YOY 
largemouth bass is limited (R. D. Meester, South Dakota 
Department of Game, Fish, and Parks, personal 
communication) . Drake and Teal Ponds were selected for this 
study because their small size allowed manipulation of prey 
abundance in each pond and because both have previously been 
used for fishery research (Wolters 1988) . Drake and Teal 
Ponds are in central Brookings County (TllON, RSOW) and 
Kampeska Pit is located in northern Codington County (Tll7N, 
R52W) , South Dakota. 
Drake and Teal Ponds were treated with 5 ppm 
rotenone in June 1990 and 1991 to eradicate the fathead 
minnows Pimephales promelas and orangespotted sunfish 
Lepomis humilis present in each pond. Because no fish were 
captured in cloverleaf minnow traps set in each pond for 3 d 
following treatment, the treatment was considered 
successful. Approximately 15, 000 adult fathead minnows were 
stocked only into Drake Pond in July 1990 and 1991. Schools 
of juvenile fathead minnows were noted both years in Drake 
Pond, indicating successful reproduction. 
Kampeska Pit contained fathead minnows and common 
carp cyprinus carpio. The dominant game fish included 
smallmouth bass, yellow perch Perea flavescens, northern 
pike Esox lucius, yellow bullhead Ameiurus natalis, and 
white bass Merone chrysops, in descending order of observed 
abundance. 
Methods 
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The following methods were used in both field and 
laboratory studies. Fish were measured for TL to nearest 1 
mm and weight to the nearest 0. 1 g. Several fish (two to 
eight) were combined and analyzed for moisture, protein, 
lipid, and ash as a percentage of whole-body. Pooled 
samples of fish were needed to provide the 2 g of dry tissue 
required for analyses. Proximate analyses were conducted by 
the Biochemistry Department at South Dakota State University 
following standard procedures (AOAC 1980). 
Moisture content was determined by oven drying each 
sample at 102°c for 2 h. Homogenized samples were prepared 
by grinding the entire dried sample in a food processor. 
Total nitrogen was determined using the Kjeldahl method 
(AOAC 1980) . Protein was determined by multiplying the 
amount of nitrogen by 6. 25. Lipid was assessed using the 
acid hydrolysis method (AOAC 1980) . Ash content was 
determined by cornbusting samples at 550°C for 3 h. 
The relative condition factor (Kn; Le Cren 1951) was 
used to index fish condition. Kn is calculated as: Kn = 
W/W ', where W is observed weight in grams and W '  is length­
specific expected weight for a fish from that population. 
An equation was developed to predict W '  using weight-length 
data for each population (CURVEFIT; Kolb 1987) . Each 
equation was used to predict the length-specific expected 
weight of a fish from that population. Slopes for weight-
length data from each population were compared using a Two-
Way Analysis of Variance, (Pree GLM; SAS 1985) , to verify 
that no significant differences existed between the slopes. 
A visual estimation of the mesenteric fat covering 
the pyloric caeca was conducted on each fish using a 
Mesenteric Fat Index (MFI) following these guidelines: 
o - No visible fat; 
+l - Less than 50% of each caecum is covered by fat; 
+2 - Approximately 50% of caecum is covered by fat; 
+3 - More than 50% of the caecum is covered by fat; 
+4 - Pyloric caecum is completely covered by fat. 
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STUDY ONE 
The objective of this study was to examine the 
effects of fish size (TL) and prey abundance on whole body 
composition, condition index and overwinter survival of YOY 
largemouth bass in three small South Dakota impoundments. 
Largemouth bass used in this study and in study two 
were collected in July 1990, from three, 0. 8-hectare 
breeding ponds at Blue Dog State Fish Hatchery in Waubay, 
South Dakota. Fry were stocked into four 0. 1-hectare 
hatchery rearing ponds at 62, 000/hectare. Rearing ponds 
were fertilized with alfalfa following a routine hatchery 
protocol. In August, fingerlings were harvested and graded 
into short (19-45 mm TL) and long (58-135 mm TL) length 
groups. Fish were subdivided into length groups based on 
natural length divergence. This length divergence was the 
result of a cold front that disrupted spawning, creating a 
bimodal length distribution. Each length group was marked 
using different colored fluorescent pigment (short, red; 
long, yellow). Marking pigment was applied for 3 s at 8 
kg/cm2 of pressure from a distance of 20-30 cm. Fish were 
held for 24 h after marking to determine post-marking 
mortalities . 
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Fingerlings (150 short and 150 long) were stocked 
into both Drake and Teal Ponds. Approximately 1, 500 short 
and 2, 000 long fingerlings were stocked into Kampeska Pit. 
Fish from each group were recaptured in August, September, 
October, and March using a 5, 000-W, pulsed-DC electrofishing 
boat. Early morning oxygen levels were measured throughout 
the winter in both ponds. 
In  May 1991, 10 fish were recaptured, fin-clipped 
and released into Drake Pond to determine a rotenone 
recovery percentage. One week afterward, Drake and Teal 
ponds were treated with rotenone at 5 ppm for an overwinter 
survival estimate. Fish collected over a 3-d period were 
identified and separated according to length group, 
measured, and analyzed by pond and size. Seventy percent of 
the fin-clipped fish were recovered. A correction factor 
(1. 3), was used to estimate the number of unrecovered fish 
from each pond. Aggus et al. (1980) reported a similar 
correction factor (1. 67) for YOY largemouth bass. 
Means of length, weight, condition index, and 
percent moisture, protein, lipid, and ash (Appendix 1) were 
compared among impoundments, size group, and over time with 
a Two-Way Analysis of Variance (Proc GLM; SAS 1985) 
overwinter survival and prey abundance were tested using a 
Chi-Square Test of Homogeneity. 
STUDY TWO 
The objective of this study was to examine effects 
of fish size (TL), water temperature, and starvation on 
changes in whole body composition of YOY largemouth bass. 
Eight, 151-L aerated aquaria were used in this study. 
Each aquarium was equipped with a 30-cm long stand pipe. 
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Two polyvinyl-chloride tubes, 45. 7-cm long with 25.4-cm 
inside diameter were put in each aquarium to provide refuge 
for fish. A flow rate of 1.5-L per min was maintained for 
each aquaria. Water temperatures (4°C and 10°c) were 
regulated with refrigerated cooling units. The 4°C water 
was recycled because of the limitation of the cooling units. 
Water temperatures were monitored daily in all aquaria. 
Ammonia was removed from recycled water once a week using a 
zeolite filter. Natural light was excluded during the study 
and a 9-h photoperiod was maintained with timed incandescent 
lighting. 
Fifty fish were stocked into each aquaria at an 
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initial density of 0. 5 g/L. Four aquaria were stocked with 
short fish and four were stocked with long fish. I used a 
duplicated 2x2 factorial design; where the independent 
variables were the amount of food (fed, fasted) and 
temperature (4°C and 10°C) . Fathead minnows (10-30 mm) were 
provided daily to all fed fish. 
Four to six fish were collected biweekly from each 
aquarium until insufficient numbers remained for an adequate 
sample. Dead fish or fish which were sick (uncoordinated 
swimming or loss of equilibrium) were collected and kept 
separate (Appendix 2) . All fish were measured and analyzed 
following methods previously outlined. Means of relative 
condition (Kn), percent moisture, protein, lipid, and ash 
(Appendix 2 )  were compared between fish size, water 
temperature, and feeding using a Two-Way Analysis of 
Variance (Proc GLM; SAS 1985) . 
STUDY THREE 
The objective of this study was to determine if 
length, weight, proximate body composition and condition 
index differed between hatchery-reared, YOY largemouth bass 
from Wisconsin and South Dakota in two impoundments. 
Fish used in this study were collected from hatchery 
stocks in Wisconsin and South Dakota. About 1, 000 brood 
fish are held at the National Fish Hatchery in Lacrosse, 
Wisconsin. Hatchery personnel originally collected all fish 
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from the Mississippi River between Lock and Dams 9 and 11. 
Yearly, around 200 wild fish are collected from the river 
and integrated into the hatchery stock. The brood stock is 
the northern subspecies and has a diverse genetic make-up 
(D. P. Philipp, Illinois Natural History Survey, personal 
communication) . 
About 1, 000 brood fish are held at Blue Dog Hatchery 
in Waubay, South Dakota. Fish were originally collected 
from Lake Angostura, Lewis and Clark Reservoir, Blue Cloud 
Abbey Pond and from lakes around the Mobridge area in South 
Dakota. Additional brood fish are obtained by rearing 
fingerlings to adult status and integrating them into brood 
stock. Brood fish at both hatcheries spawn naturally in 
outdoor ponds. 
In June 1991, approximately 10, 000, 2 week old fry 
(6, 600 per kg) of the Wisconsin stock (WS) were transported 
in a 350-L, oxygenated hauling tank from Wisconsin to South 
Dakota. Water temperature fluctuated ±2°C during the 7-h 
transport. Fish were acclimated and stocked 
(62, 000/hectare) in two, 0. 1-hectare ponds at Blue Dog 
Hatchery. Zooplankton densities in both ponds were 
considered insufficient at the time of stocking so 
additional zooplankton were collected from Blue Dog Lake 
using a 1-m plankton net. Equal volumes of zooplankton were 
added to each pond to augment the existing populations. 
Fry from the South Dakota stock (SOS) were harvested 
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in June 1991, and stocked (62, 000/hectare) in two, 0. 1-
hectare hatchery ponds. The WS were about 1 week older than 
the sos during this study. In August, fingerlings from both 
races were harvested and marked with fluorescent pigment 
(WS, red; sos yellow) following methods used in study one. 
One hundred fingerlings from the WS and SOS were 
stocked into both Drake and Teal Ponds. Fish from each race 
were recaptured in August, September and October using a 
s,ooo-w, pulsed-DC electrofishing boat . Fish were measured 
and analyzed following methods previously outlined. A Liver 
Somatic Index (LSI) was also calculated for each fish, where 
LSI = [liver weight (g) /total fish weight (g) J X 100 . 
Fingerlings (n=2, WS; n=7, SOS) of each stock were collected 
for electrophoresis of muscle tissue following methods 
according to (Selander et al. 1971) . Malate Dehydrogenase 
(MOH) enzyme was stained for according to (Harris and 
Hopkinson 1976) . I used MDH as a cursory way of detecting 
genetic difference between largemouth bass stocks. MOH is 
one of six enzymes that can be used to distinguish 
largemouth bass population among geographical areas and 
perhaps be linked to thermal tolerance (Philipp et al. 
1983) . 
Means of length, weight, condition index, percent 
moisture, protein, lipid, and ash (Appendix 3) were compared 
between fish stocks and among months using a Two-Way 
Analysis of Variance (Proc ANOVA; SAS 1985) . Fry survival 
and prey abundance were tested using a Chi-Square Test of 
Homogeneity. 
RESULTS 
Overwinter Mortality (Study I) 
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Overwinter mortality was highest in Kampeska Pit at 
100% followed by Teal Pond and Drake Pond (Table 1) . 
Overwinter mortality did not differ between Drake and Teal 
Ponds (X2=2. 83, df=l, E=0. 09) or between short and long fish 
in Drake (X2=0. 09, df=l, E=0. 76) and Teal Ponds (X2= 0. 02, 
df=l, E=0. 88) . 
Body Composition and Condition Index (Study I) 
No significant interactions were found in the Two­
Way Analysis of Variance therefore the main effects of time, 
length (short and long}, and pond (study sites} were acting 
independently. Fish increased in moisture (E<0. 0001) 
content over time in the field study. The trend was lower 
moisture content from August (85%} through October (75%) , 
with little change overwinter. Fish changed in lipid 
composition (E<0. 007} and relative condition (Kn} (E<0. 0002} 
over time (Figure l}. The trend was an increase in from 
August through September and a decrease in October through 
March. Lipid and relative condition (Kn) were strongly 
correlated (�=0. 9999, df=2, E<0. 001) and were best fit with 
a curvelinear relationship. Whole body composition and 
condition index did not differ between short and long fish 
or among study sites (Table 2}. For example, in August all 
Table 1. Winter mortality estimates for short and long length groups of young-of­
the-year largemouth bass stocked in August 1990 in two 0. 8-hectare ponds. 
Recovery 
method 
and date 
E-sample8 
9 Sep 1990 
E-sample 
10 Oct 1990 
E-sample 
2 3  Mar 1991 
RR-sampleb 
17 May 1991 
Adjusted recoveryc 
Short 
6 
6 
5 
10 
20 
overwinter mortality 86% 
Drake Pond 
Long Unmarked 
6 --
6 --
8 5 
12 8 
26 17 
81% --
8E-sample = electrofishing sample 
t>iffi-sample = rotenone recovery sample 
Teal Pond 
Total Short Long Unmarked 
12 6 6 --
12 6 6 --
18 8 4 4 
30 6 7 3 
62 18 14 9 
78% 87% . 89% --
cAdjusted recovery = fish from spring sample, rotenone recovery, 
and an estimate for unrecovered fish 
Total 
12 
12 
16 
16 
42 
85% 
20 r=0.9999 2.0 
P<0.001 ...-.. 
18 
df=2 
1.8 
c: 
0 ·-
en 16 1.6 ·-
"'C "'C ·- ,, c: a. I ' 
I ' 0 ·- ' 
_i 14 
I ' 
(.) I ' 
1.4 I ' 
I \ 
I \ 
� \ 
\ 
\ 
\ 
\ 
12 \ 1.2 \ 
\ 
\ 
\ 
\ 
\ 
10 
\ 
1.0 
Aug Sept Oct Mar 
Month 
Lipids Kn-------· 
Figure 1. Seasonal changes in lipids and 
relative condition (Kn) of young-of-the-year 
largemouth bass stocked in three South 
Dakota impoundments ever an 8-month 
period. 
Q) 
> ·-
ca -
Q) 
a: 
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Table 2. Results of a two-way analysis of variance 
to test the effect of length (short and long fish) , 
pond (prey abundance by ponds) , and time on weight, 
whole body composition and condition index of 
young-of-the-year largemouth bass for a 8 month 
period (df=21, % ww = wet weight in grams; % dw = 
dry weight in grams) . 
Length Pond Time 
Dependent 
variable F p F p F p 
Weight 22. 7 <0. 005 1. 3 NS 86. 1 <0. 0001 
(g) 
Moisture 4. 0 NS 1. 7 NS 79. 3 <0. 0001 
(% ww) 
Protein 6. 4 NS 0. 5 NS 3. 8 NS 
(% dw) 
Lipid 1. 4 NS 0. 3 NS 14. 8 <0. 007 
(% dw) 
Ash 0. 2 NS 1. 0 NS 1. 1 NS 
(% dw) 
Kn 0. 8 NS 2. 1 NS 72. 1 <0. 0002 
Mesenteric 
Index 3. 2 NS 3. 0 NS 2. 2 NS 
15 
16 
fish were about 85% moisture (% wet weight) , 68% protein 
(%dry weight) , 13. 5% lipid (% dry weight) , and 11% ash (%dry 
weight) (Appendix 1) . 
Prey Abundance (Study I) 
The abundance of trapped fathead minnows was higher 
in Drake Pond than in Teal Pond in August (X2=41. 34, df=l, 
P=0. 0001) , September (X2=16.64, df=l, £=0. 0001) , October (X2 
=40. 68, df=l, £=0. 0001) , and April (X2=35. 44, df=l, £= 
0. 0001) (Table 3) . Therefore, my manipulation of prey 
abundance in the ponds was successful. 
Body Composition, Temperature, and Food (Study II) 
No significant interactions were found in the Two­
Way Analysis of Variance therefore the main effects of feed 
(fed and fasted) , length (short and long fish) , and 
temperature (4°C and 10°C) were acting independently. Fed 
fish had a higher lipid content (£<0. 0001) than unfed fish. 
For example, unfed fish at 4°C were 10% lipid and fed fish 
were 15% lipids. Moisture (£<0. 0001) and ash (£<0. 0001) 
content were lower in fed fish than unfed fish. Proteins 
remained unchanged in fed fish compared to unfed fish 
(Appendix 2 ) . Unfed short and long fish at both 
temperatures decreased in lipids and increased in moisture 
over the 70-d study. Fed fish at both temperatures 
increased in lipids and decreased in moisture over the 
study. For example, lipids of both size of fish increased 
from about 12% at the start of the study to about 
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Table 3. Results of a Chi-Square Test testing the relative 
abundance of fathead minnows captured in three clover-leaf 
minnow traps set for 3-d in two South Dakota impoundments 
for 7 months in 1990-1992. 
Fathead minnows captured 
Month df xz 
Year Drake Pond Teal Pond 
August 1990 193 2 1 41. 34 0. 0001 
September 1990 53 17 1 16. 64 0. 0001 
October 1990 102 14 1 40. 68 0. 0001 
May 1991 75 6 1 35. 44 0. 0001 
August 1991 162 148 1 0. 63 NS 
September 1991 74 83 1 0. 52 NS 
October 1991 15 9 1 1. 47 NS 
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19% after 28-d and remained at that level for the duration 
of the study (Appendix 2 ) . Short fish had lower lipid 
(£<0. 02) content and higher moisture (£<0. 004) and ash 
(£<0. 01) content compared to long fish. For example, unfed 
long fish at 10°c were 20% lipid where as unfed short fish 
18% lipid content (Appendix 2) . A similar trend was 
apparent at 4°C. Temperature affected lipid and moisture 
levels (Table 4, Appendix 2) . When short and long fed fish 
were combined, lipids were 15% in fish held at 4°C and 19% 
in fish held at 10°c. A less obvious trend was apparent in 
unfed fish. 
Electrophoretic Identification {Study III)  
The electrophoretic pattern of the MOH protein 
differed between the WS and sos. The WS was monomorphic for 
a 3-band pattern, where as 86% of the sos had the 3-band 
pattern plus some additional bands. This analysis indicate 
the two stocks are genetic different however, further 
research is needed to determine the extent of genetic 
difference. 
Fry Survival (Study III)  
Fry survival after 8 weeks in hatchery ponds was 
higher for the WS (7, 718) than for the SOS (5, 553) , (X2= 
350. 0, df=l, f=0. 0001) . The number of fingerlings per kg 
did not differ between WS and SOS (X2=2. 74, df=l, �0. 098) . 
Fingerlings from the WS averaged 400 fish per kg and ranged 
in length from 50-135 mm. The sos averaged 470 fish per kg 
Table 4. Results of a two-way analysis of 
variance testing food (fed and fasted) , length 
(short and long fish) , and temperature (4°C 
and 10°C) on whole body composition and 
condition index of young-of-the-year 
largemouth bass under laboratory conditions 
(df=26, %ww = wet weight in grams, %dw = dry 
weight in grams) . 
Food Length Temp�rature 
Dependent 
variable F p F p F p 
Moisture 31. 7 <0. 0001 9. 5 <0. 004 4. 8 <0. 03 
(% WW) 
Protein 3. 3 NS 0. 3 NS 0. 6 NS 
(dw) 
Lipid 54. 8 <0. 0001 6. 1 <0. 02 6. 0 <0. 01 
(% dw) 
Ash 34. 2 <0. 0001 6. 8 <0. 01 0. 7 NS 
(% dw) 
Kn 58. 2 <0. 0001 1. 4 NS 0. 2 NS 
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and ranged in length from 35-105 mm. 
Body Composition and Condition Index (Study II I) 
No significant interactions were found in the Two­
Way Analysis of Variance therefore the main effects of stock 
(WS and SDS) and time were acting independently. Length, 
weight, proximate body composition, relative condition (Kn) , 
LSI, and MFI did not differ between the WS and SDS. Fish 
increased in length (£<0. 0001) , weight (£<0. 0002) , lipid 
(£<0. 03) and LSI over time. Moisture (£<0. 0001) , Protein 
(£<0. 02) ,  and ash (£<0. 02) also differed over time (Table 5, 
Appendix 3) . Lipids and LSI increased from August through 
October and relative condition (Kn) increased from August to 
September and declined from September to October (Figure 2) . 
Prey Abundance (Study III) 
The abundance of fathead minnows did not differ 
between Drake and Teal Ponds in August (X2=0. 63, df=l, 
£=0. 427) , September (X2=0. 52, df=l, £=0. 473) , or in October 
(X2= 1. 47, df=l, £=0. 225) (Table 3) . Therefore, prey 
abundance in the ponds was not different over time. 
Table 5. Results of two-way analysis of variance testing 
the influence of stock (Wisconsin and South Dakota fish) 
and time on length, weight, whole body composition 
and condition index of young-of-the-year largemouth bass 
in two small South Dakota impoundments (df=ll, % ww 
= wet weight in grams, % dw = dry weight in grams) . 
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Stock Time Stock x Time 
Dependent 
variable F p F p F p 
Length 0.1 NS 217.6 <0.0001 2.0 NS 
(nun) 
Weight 0.5 NS 51. 4 <0.0002 1.8 NS 
(g) 
Moisture 0.7 NS 99.0 <0.0001 0.2 NS 
(% ww) 
Protein 0.0 NS 8.0 <0.02 0.4 NS 
(% dw) 
Lipid 0.6 NS 6.2 <0.03 0.3 NS 
(%dw) 
Ash 0.1 NS 7.4 <0.02 0.2 NS 
(% dw) 
Kn 0.7 NS 2.9 NS 0.3 NS 
LSI 0.1 NS 2.2 NS 0.8 NS 
Mesenteric 1. 0 NS 9.0 <0.02 1. 0 NS 
Index 
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Figure 2. Changes in lipids, relative condition (Kn), 
and Liver Somatic Index (LSI) in Wisconsin and 
South Dakota stocks of young-of-the-year largemouth 
bass in two impoundments over a 3-month period. 
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Discussion 
The considerable reduction in population size of YOY 
largemouth bass in three impoundments based on our rotenone 
estimates indicated overwinter mortality of YOY largemouth 
bass may limit recruitment of stocked fingerlings. Annual 
mortality of YOY largemouth bass up to 87% is not uncommon 
(Brown, 1951; Swingle, 1951; Stone, 1981; Beck, 1986; 
Gilbraith, 1987; Wicker and Johnson, 1987; Appendix 4) . 
Overwinter mortality was high in all study sites. 
Mortality in Teal Pond was higher than in Drake Pond but 
lower than in Kampeska Pit. Fish from Drake and Teal Ponds 
declined in lipids and condition index (Kn) and increased in 
moisture overwinter. Starvation causes a reduction in 
lipids that is proportional to the increase in moisture 
(Love 1970) . Isely (1981) reported YOY largemouth bass 
decreased in lipids and increased in moisture and ash 
overwinter. Body composition of fasted largemouth bass in 
my laboratory experiment showed changes similar to these . 
Niimi (1972) reported fasted largemouth bass decreased in 
lipids and increased in moisture and ash. 
The overwinter decline in lipids suggests adequate 
prey or prey of the correct type or size was a limiting 
overwinter factor. The lower abundance of prey in Teal Pond 
could have forced fish to rely more on energy reserves to 
survive the winter than fish in Drake Pond. The combination 
of these two factors may help explain some of the overwinter 
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mortality in both ponds. Exhausted energy reserves was 
suggested as the cause of overwinter mortality of YOY 
largemouth bass (Isely 1981) and YOY smallmouth bass (Oliver 
et al. 1979). oxygen levels remained adequate overwinter 
in both Drake and Teal Ponds and therefore should not have 
influenced overwinter survival. 
The total overwinter mortality of fish in Kampeska 
Pit was assumed because no largemouth bass were collected 
the following spring and early summer. Exhausted energy 
reserves is one explanation for the lack of overwinter 
survival. Fish declined in lipids from September through 
October and may have continued to decline overwinter, 
eventually leading to starvation. This decline could be 
attributed to a low abundance of fathead minnows. Kampeska 
Pit had the lowest prey abundance per area of my all sites. 
A second explanation could be related to the 
predacious fish such as northern pike, white bass and 
walleye that exist in Kampeska pit. Predation by these 
species could have reduced the overwinter survival of YOY 
largemouth bass. Headrick (1985) reported northern pike 
consumed YOY largemouth bass at higher proportion than their 
estimated abundance in an Ohio reservoir. 
Oxygen levels in Kampeska Pit were not monitored 
overwinter and may have reached critically low levels 
causing a partial or total winter kill. However, all other 
fish species excluding largemouth bass which exist in 
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Kampeska Pit were captured the following spring. 
High mortality in all three study sites could be 
related to the relatively long winters in eastern South 
Dakota. Stone (1981) and Gilbraith (1987) reported 
winterkills can often limit first year survival of YOY 
largemouth bass in South Dakota ponds. However, I never 
found low oxygen levels during the winter in Drake or Teal 
Ponds. Each of my study sites was covered by ice for 
approximately 115 days during the winter of 1990-1991. 
During this time fish were exposed to cold water 
temperatures that could have caused cold stress. Oliver et 
al. (1979) reported that a certain degree of "normal" 
mortalities transpire overwinter, but extended periods of 
cold water temperatures can increase the number of 
mortalities. A long winter may have increased cold stress 
and decreased overwinter survival of YOY largemouth bass. 
Mortality affected short and long fish equally at 
all study sites. Gutreuter and Anderson (1985) reported 
length distributions of YOY fish have important influences 
on subsequent recruitment. Several studies have documented 
differential mortality of YOY largemouth bass where the 
shorter fish are affected more than longer fish (Von Geldern 
1971; Aggus and Elliot 1975; Shelton et al. 1979; Isely 
1981) . Several researchers suggested the shorter fish were 
unable to develop adequate energy reserves to survive the 
winter. Data from this study suggest overwinter mortality 
can also be random; therefore, short and long fish can be 
affected equally. 
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Whole body composition and condition index did not 
differ between short and long fish in the field study. 
However, short fish increased in moisture and ash content 
and decreased more in lipids than long fish in the 
laboratory study. Oliver et al. (1979) suggested shorter 
individual fish have a higher metabolic expenditure per gram 
of body weight compared to longer fish. Thus, we would 
expect that the longer fish would place lower demands on 
their energy reserves than shorter fish. Grove (1970) 
reported similar length-related differences in the body 
composition of sockeye salmon Oncorhynchus nerka. 
Differences in body composition of short and long 
fish in my laboratory study could also be related to the 
diet. Only fathead minnows were provided to fed fish in 
laboratory aquaria. Fish in the field study had 
zooplankton, invertebrates, insects, insect larva, or small 
fish to eat. Having different types and sizes of food 
available may have allowed fish to partition and use energy 
more efficiently. 
Water temperature had some effect on proximate body 
composition. Lipids were lower in fed fish at 4°C in 
contrast to fish at 10°c. Unfed fish 4°C and 10°c had 
similar lipid content. Higher water temperature could 
increase the metabolism and feeding of fish at 10°c. 
The higher survival of the WS fingerlings over the 
SOS fingerlings could be attributed to a phenotypic trait 
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of the WS. Possibly environmental conditioning from the 
more wild stock of largemouth bass for Wisconsin allowed the 
WS to have better survival. The SOS may also have some 
inbreeding depression from a lack of wild fish being added 
to the hatchery stock. 
Length, weight, proximate body composition and 
condition index did not differ between the WS and SOS stocks 
of fish in two ponds having similar water chemistry and prey 
abundance. Therefore, initial performance differences 
between the two races apparently did not exist. However, 
long term performance difference or performance differences 
in other environments may exist but could not be determined 
from this study. Results from studies comparing growth and 
performance of the northern and Florida subspecies and 
hybrid largemouth bass have yielded highly variable results 
(Clugston 1964; Addison and Spencer 1972; Zolczynski and 
Davies 1976; Bottroff and Lembeck 1978; Smith and Wilson 
1982) . Philipp and Whitt (1991) reported the northern 
subspecies had better overwinter survival and growth 
compared to the Florida subspecies and hybrid in three 
central Illinois ponds. They also indicated much of the 
variability in past studies could be attributed to a 
inaccurate genetic identification of the subspecies and 
hybrids used in these studies . 
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CONCLUSIONS AND RECOMMENDATIONS 
study one examined the effect of fish size (TL) and 
prey abundance on whole body composition, condition index 
and overwinter mortality of YOY largemouth bass in three 
impoundments. Body composition did not differ between short 
and long fish. Lipids, relative condition (Kn) , and 
overwinter mortality appeared to be related to the abundance 
of prey. High prey abundance signified high lipids, high 
Kn , and low overwinter mortality. The strong correlation 
(r=0 .9999) between lipids and relative condition (Kn) 
suggests Kn can provide a good condition index for YOY 
largemouth bass in small South Dakota impoundments. 
Study two examined the effects of fish size (TL) , 
water temperature , and starvation on changes in whole body 
composition of YOY largemouth bass in laboratory aquaria . 
Fish length did affect body proximate body composition . 
Data suggest short fish have less lipids and more moisture 
and ash than long fish. The higher metabolism and increased 
feeding of fish at 10°c allowed then to develop higher lipid 
content than fish at 4°C. Fasted fish exhibited decreased 
lipids and increased moisture and ash ; protein remained 
unchanged. Fed fish had increased lipids and decreased 
moisture ; ash and protein remained unchanged. Further 
research is needed to identify other factors affecting 
overwinter survival of largemouth bass in South Dakota 
impoundments . Identification and understanding these 
factors may provide management strategies to improve 
largemouth bass management in South Dakota. 
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Study three determined if length, weight, proximate 
body composition and condition index differed between 
hatchery-reared, YOY largemouth bass stocks from Wisconsin 
and South Dakota in two impoundments. The WS had a higher 
fry survival than the sos . However, no other (short term) 
performance differences were detected in this study. Long 
term differences or differences related to the environment 
may exist. Further research is needed to determine if long 
term performance or genetic related difference exist between 
the WS and sos stocks of largemouth bass. 
Based on the results of these studies I recommend 
the South Dakota Department of Game, Fish, and Parks : 1) 
discontinue stocking fingerlings into impoundments with an 
existing largemouth bass population because an extensive 
largemouth bass stocking evaluation indicated supplemental 
stockings are generally not successful (Loska 1982) , 2)  
stock fingerlings into an existing largemouth bass 
population only after a winterkill has occurred, and 3) 
stock yearlings rather than fingerlings into impoundments 
such as Kampeska Pit where the environment limits overwinter 
survival of YOY largemouth bass. 
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Appendix 1. Means for length, weight, relative condition 
(Kn) , percent moisture, protein, lipid, and ash content 
and of young-of-the-year largemouth bass stocked in three 
South Dakota impoundments for an 8 month period (%ww = 
wet weight in grams, %dw = dry weight in grams) . 
Drake Pond : 
Size Month Length Weight Kn Moisture Protein Lipid Ash 
Group ( mm )  (g) (%ww) (%dw) (%dw) (%dw) 
Long August 58 2 1. 2 84 67 13 12 
Short August 45 1 1. 2 85 69 9 16 
Long September 113 23 1 .5 75 64 18 13 
Short September 92 13 1. 6 76 6-8 15 15 
Long October 139 41 1. 4 77 69 19 14 
Short October 120 23 1. 3 78 69 18 14 
Long March 138 33 1 .  0 76 68 12 17 
Short March 133 34 1. 1 76 71 18 9 
Teal Ponds: 
Size Month Length Weight Kn Moisture Protein Lipid Ash 
Group (mm ) (g) (%ww) (%dw) (%dw) (%dw) 
Long August 60 2 1. 2 85 68 12 15 
Short August 42 1 1. 2 87 68 8 13 
Long September 122 32 1. 7 75 63 17 13 
Short September 101 19 1. 8 74 66 18 14 
Long October 129 31 1. 4 75 65 20 14 
Short October 114 19 1. 3 80 68 19 14 
Long March 131 36 0. 9 76 68 12 17 
Short March 121 26 1. 1 77 73 8 17 
Kampeska Pit: 
· size Month Length Weight Kn Moisture Protein Lipid Ash 
Group ( mm )  (g) (%ww) (%dw) ( %dw) ( %dw) 
Long August 58 2 1. 2 85 67 14 13 
Short August 45 1 1. 2 85 69 9 16 
Long September 119 24 1. 4 80 68 20  13 
Short September 102 19 1. 4 82 70 19 14 
Long October 144 47 1. 4 73 66 15 16 
Short October 124 27 1. 3 74 66 14 16 
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Appendix 2.  Means for length, weight, condition index, 
percent moisture, protein, lipid and ash content of fed 
and unfed young-of-the-year largemouth bass held at 4°c 
and 10°C for 70 d 
weight in grams) . 
(%ww = wet weight in grams, %dw = dry 
Start of Study: 
Size Feed oc Length Weight Kn Moisture Protein Lipid Ash 
Group ( mm )  (g) (%ww) (%dw) (%dw) (%dw) 
Long Fed 4 55 2. 1 1. 3 85 70 9 10 
Short Unfed 4 44 0 . 9  1. 0 85 68 10 18 
Long Unfed 4 58 2.1 1. 1 84 66 13 
Short Fed 4 46 1. 2 1. 2 86 71. 8 14 
Long Unfed 10 62 2 . 6 1. 1 83 66 15 11 
Short Unfed 10 45 1.1 1. 1 84 74 5 16 
Long Fed 10 57 2.4 1. 3 84 65 15 13 
Short Fed 10 45 1. 2 1. 3 85 64 12 17 
At 14 Days: 
Size Feed 0c Length Weight Kn Moisture Protein Lipid Ash 
Group (mm) (g) (%ww) (%dw) (%dw) (%dw) 
Long Fed 4 74 5.9 1. 4 80 65 17 12 
Short Fed 4 46 1. 2 1. 2 85 72 12 14 
Long Unfed 4 58 1. 8 0. 9 84 74 8 19 
Short Unfed 4 45 0. 8 0. 8 85 72 9 18 
Long Unfed 10 60 1. 9 0. 9 83 73 12 16 
Short Unfed 10 43 0. 7 0. 8 84 64 10 · 19 
Long Fed 10 71 4. 2 1. 3 81 67 18 14 
Short Fed 10 45 1. 2 1. 2 84 71 15 
At 28 Days: 
Size Feed 0c Length Weight Kn Moisture Protein Lipid Ash 
Group (mm) (g) (%ww) (%dw) (%dw) (%dw) 
Long Fed 4 67 3. 6 1. 2 85 72 20 10 
Short Fed 4 40 0. 9 1. 2 88 75 18 16 
Long Unfed 4 58 1. 8 0. 9 85 73 13 15 
Short Unfed 4 48 2 0. 9 86 74 10 17 
Long Unfed 10 57 1. 5 0. 8 87 72 10 12 
Short Unfed 10 40 0. 5 0. 8 90 89 17 36 
Long Fed 10 82 8. 4 1. 4 82 67 2 3  13 
Short Fed 10 47 1. 3 1. 3 84 68 18 17 
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Appendix 2 continued : 
At 4 2  Days : 
Size  Feed 0c Length Weight Kn Moisture Protein Lipid Ash 
Group (mm) (g)  ( %ww) ( %dw) ( %dw ) ( %dw )  
Long Fed 4 62  4 1 .  7 8 2  6 3  17  1 3  
Short Fed 4 4 4  1 . 4  1 .  6 8 5  67 15 1 0  
Long Unfed 4 64  2 . 6  0 . 9  8 6  7 1  1 0  19  
Short Unfed 4 4 6  1 1 .  0 87  67  1 0  2 1  
Long Unfed 10 68 3 . 2  1 .  0 8 6  7 3  8 19  
Short Unfed 10 4 8  0 . 8  0 . 7  87  57 9 2 8  
Long Fed 10 74  5 . 8 1 .  5 8 2  6 8  2 2  1 2  
Short Fed 10 47  1 .  6 1 .  5 8 4  6 2  19  8 
At 5 6  Days : 
Size  Feed �C Length Weight Kn Moisture Protein Lipid Ash 
Group (mm) ( g) ( %ww) ( %dw ) ( %dw )  ( %dw )  
Long Fed 4 62  3 . 4  1 .  4 8 2  62 17 15 
Short Fed 4 4 9  2 . 1  1 .  8 8 3  6 6  1 5  16  
Long Unfed 4 61  2 . 2  1 .  0 87  72  8 2 5  
Short Unfed 4 4 9  1 .  3 1 . 1  8 6  66 8 2 4  
Long Unfed 10 60 1 .  8 0 . 8  8 6  74 6 3 0  
Short Unfed 10 4 9  1 . 1 0 . 9  8 6  65 6 3 0  
Long Fed 10 72  6 1 .  5 79  62  2 2  1 3  
Short Fed 10 47  1 . 9  1 .  7 8 1  60  2 1  15  
At 7 0  Days : 
Size  Feed �C Length Weight Kn Moisture Protein Lipid Ash 
Group (mm) (g)  ( %ww) ( %dw) ( %dw) ( %dw ) 
Long Fed 4 65  4 . 8  1 .  7 8 2  64 19 14  
Short Fed 4 47  1 . 9  1 .  7 85  68  14  15  
Long Unfed 4 67  2 . 9  0 . 9  85  71  8 2 3  
Long Fed 10 75 7 . 5  1 .  6 8 0  62 2 2  1 4  
Short Fed 10 49  2 . 1  1 .  8 8 1  7 3  2 1  14  
Short Unfed 10 61  1 .  8 0 . 8  85  64 19 1 4  
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Appendix 2 continued : 
Deaths: * 
Size Feed 0c Length Weight Kn Moisture Protein Lipid Ash 
Group (mm) (g) (%WW) (%dw) (%dw) (%dw) 
Long Fed 4 56 1.9 1. 1 84 67 18 8 
Short Unfed 4 43 0 . 9  1 .  0 87 66 8 28 
Long Unfed 4 58 1.8 0. 9 86 66 10 22  
Short Fed 4 40 a . a  1. 3 86 71 9 21  
Long Unfed 10 57 1. 3 0. 7 86 66 9 26 
Short Unfed 10 46 1 . 0 0. 9 86 68 8 27  
* = no death in two 10°C tanks; means represent pooled 
samples of 2 -10 fish. 
Appendix 3. Means for length, weight, relative condition 
(Kn) , Liver Somatic Index (LSI) , percent moisture, 
protein, lipid, and ash content of the Wisconsin stock 
(WS) and South Dakota stock (SOS) of young-of-the-year 
largemouth bass held held in two South Dakota 
impoundments for a 3 month period (%ww = wet weight in 
grams, %dw = dry weight in grams) . 
Drake Pond: 
4 1  
stock Month Length Weight LSI KN Moisture Protein Lipid Ash 
(mm) (g) (%ww) (%dw) (%dw) (%dw) 
ws August 6 0  3 1 .  6 0 . 9  87  65 11 22 
sos August 55 2 1 .  3 1 . 1 88 66 8 20  
ws September 124 32 1 .  4 1 .  0 7 7  6 6  15 16 
sos September 13 7 4 6  1 .  7 1 . 1 8 0  7 0  17 14 
ws October 14 1 4 1  1 .  6 1 .  0 79  69  17 15 
sos October 14 6 4 4  1 .  7 1 .  0 8 0  67 18 13 
Teal Pond: 
Stock Month Length Weight LSI Kn Moisture Protein Lipid Ash 
(mm) (g) (%ww) (%dw) (%dw) ( %dw) 
ws August 57 3 1 . 4  1 .  0 88 64 9 19 
sos August 53 2 1 .  5 1 .  0 88 57 8 19 
ws September 118 28 1 .  6 1 .  0 79  7 1  14 16  
sos September 127 35 1 .  5 1 . 1 78 75 13 17 
ws October 14 0 3 9  1. 6 1 .  0 79  66  15 15 
sos October 129 29 1. 6 0 . 9  78 73 10 18 
Appendix 4. Electrofishing catch rates, confidence 
intervals (CI) , and means for length, weight, percent 
moisture, protein, lipid, and ash content from young-of 
-the-year largemouth bass captured in Lake Pigors during 
the fall of 1990-1991 (%ww = wet weight in grams, %dw = 
dry weight in grams) . 
4 2  
Month Year Catch Rate 80% CI 95%CI 
October 
March 
October 
Month 
1990 
1991 
1991 
Year 
October 1990 
October 1991 
0. 33 fish/hr 
o . oo fish/hr 
0. 51 fish/hr 
Length 
(mm) 
Weight 
( g) 
102 
84 
10 
8 
±0. 125 
±0. 156 
Moisture 
(%ww) 
81 
80 
Protein 
(%dw) 
64 
66 
±0. 199 
±0. 253 
Lipid Ash 
( %dw) ( %dw) 
12 
11 
18 
21 
